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. . DETERMINATION & DISCLOSURE GUIDELINES
OBJECTIVES: Prenatal Sex Determination SOGC 2017 (Canada)
= Review Disclosur idelines, Indication
evie sclosure Guidelines, Indications = Routine to evaluate external genitalia but not indication to prolong/repeat study
= Re-affirmed women have a right to their own PHI (Supreme Court 1992)
= Ultrasound fetal sex determination
= External Genitalia = Concerns risk termination if “not wanted fetal sex” are best addressed by the
= Internal Reproductive Organs health professionals providing care for these women
= Disorders of Sex Development (DSD) = |f unit wishes non-disclosure policy then information must be provided on
report
= Case Examples P
https://doi.org/10.1016/j.jogc.2017.04.011
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DETERMINATION & DISCLOSURE GUIDELINES
2019 Denmark

= Minimal views should include direct visualization sagittal, transverse, tangential in T2
= Sagittal only if <15-16 wk.

= Fetal sex is disclosed on parental request
= 95.8% had already discussed desire to know prior to onset of US (Swedish SWEPP study, Larsen et al)
= 60-75% wish to know

= Overall accuracy sex determination 99.2% with incorrect determination 0.8%, primarily females

2009,34:526.33. S, Gite, et al. Foetal maly Gori el ora 6 e, o0l "Foetal sex
o e ees imese oy 5an i Don Desh el Smanel 6 1 2013

SPECIFIC INDICATIONS PRENATAL SEX DETERMINATION
1. Twins> 14 weeks (55% DCDA twins are discordant for sex)
2. Recessive X-linked disease (affect male fetus)

3. USsuspected including ambiguous genitalia,

4 Genotype-phenotype discordance (discordant external genitalia sex determination and the genetic sex ( karyotype)
. placental mosaicism, y

= Assessmentinternal reproductive organs may be helpful

matermal malignancy, transplant organ from male donor

= Swedish study genital

3.8/1000 (minor); 0.7/1000 (major)
= > 70 genetic or syndromic associations

Ei0a2013. 2018
0. . Honrivason €. Fyander

cfDNA and Fetal Sex Determinaton

= Sensitivity/specificity NIPT for fetal sex determination is 0.989/0.996, respectively*
= Accurate very early in pregnancy from 7 weeks

= US based sex determination accuracy approaches NIPT ~ 14 week GA

= Sex Chromosome Aneuploidy (SCA) include monosomy X, XXX, XXY, XYY

= Sex chromosome mosaicism occur up to 50% thus SCA FPR 0.4%, PPV range 25-52%

“Mackie FL, Hemming K. Allen 5, Moris RK, Kilby MD. The systematic review
o verte mea-anat 5100 S0TTBA T2 4 St Lokl o 51 ot of ch e DNAsreeig on el lnwodge of s s of s
development. Prenatal Diagnosis 40,11 (2020): 1489-1496. . Hiary, etal. of current pracices,

evidence, and ethical issues.” Prenatal diagnosis 40.4 (2020): 398-407.

PRENATAL SEX DETERMINATION ACCURACY BY ULTRASOUND

= First Trimester : 70% (11wk); 97% (12wk); 100% (13 wk)

= 2nd/3rd Trimester: Accuracy assignment range 87-100% male versus 92-100% female

= Failure to assign sex 9-35%



http://journals2.scholarsportal.info.myaccess.library.utoronto.ca/browse/03012115
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WHY IMPORTANT: PRENATAL DIAGNOSIS OF SEX DISCORDANCE

= Increasingly common prenatal detection DSD due
= Desire to know fetal sex

= Early Integration cfDNA into practice provide sex chromosome assessment in many < 10
weeks, thus discordant fetal sex more commonly diagnosed

= 1/1500-2000 pregnancies.

Early detection permits appropriate investigations and timely intervention as
applicable

Diagnosis of DSD may be source extreme parental anxiety

SEXUAL
DIFFERENTIATION IS
COMPLEX PROCESS

= First 6 weeks bipotential state (hormone independent)

= Subsequent development external genitalia into
characteristic male complete by 12 weeks in male,
later in female
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SEXUAL : T T orrots] o
DIFFERENTIATION IS N\ (=

COMPLEX PROCESS / \

Genetic control of
differentiation involves the

of SRY,
WT1, SF1, SOX9, fibroblast

growth factor 9, PGD2, and
AX1 among others

but requires expression of
genes (WNT4, RSPO1, FOXL2)
for normal female
differentiation

OBJECTIVES: Prenatal Sex Determination
= Review Disclosure Guidelines, Indications
= Ultrasound fetal sex determination

= External Genitalia
= Internal Reproductive Organs

= Disorders of Sex Development (DSD)
= Case Examples
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MALE OR FEMALE EXTERNAL GENITALIA PHENOTYPE
SAGITTAL SIGN

Male Female

Anterior Directed Caudal Directed

Male or Female External Genitalia Phenotype
Sagittal Sign

9 WEEKS

Male Female

Genital tubercule same size but angle differs
Can be done prior 12 weeks but < accurate

Figure 1in Chitty, Lyn S., et al. "Prenatal management of disorders of sex
development.” Journal of pediatric urology 8.6 (2012): 576-584.
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MALE OR FEMALE EXTERNAL GENITALIA PHENOTYPE
SAGITTAL SIGN
>12 wks > 95% accurate

\

Draw lines along genital tubercle & horizontal line LS skin midsagittal plane

Male angle > 30 degrees, anterior direct genital tubercule ( angle increase with advancing GA)
Female angle < 10 degrees, caudally direct genital tubercule

Indeterminate between 10-30 degrees

PRENATAL SEX DETERMINATION
ROUTINE MID SECOND TRIMESTER

sFemale =5 &

= 3 parallel lines of labia majora &
apposed labia minora

= Male

= Septate dome shape scrotum with
nonseptate penis arising from
base
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= Penile length: scrotum edge to tip glans

Zaervetal 10G. 2001 Feb 117(2:12931.+

UTERINE DEVELOPMENT 19-38 WKS ( CIRCUMFERENCE, WIDTH)
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(1999): 215218,

Soriano, D., et al. "Development of the fetal uterus between 19 and 38 weeks of gestaion: In-Ulero Urasonographic measurements. Human reproduction 14.1
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ASSESSMENT INTERNAL REPRODUCTIVE ORGANS

1 Direct Visualization ( Uterus, Testes)

25 weeks Uterus

Transverse

Testes

Testicular descent into scrotum sac begins ~
25 weeks with 97% descended by 32 weeks

ASSESSMENT INTERNAL REPRODUCTIVE ORGANS
Fetal Rectovesical Interspace (RVI)

Measure distance between bladder/rectum
= Anterior wall rectum to posterior wall of the bladder

Taken axial plane at level umbilical arteries seen cross
section at mid bladder

Distance thicker female (uterus) than male

100% M and 98.8% F were correctly identified via a
discriminatory number below which internal sex was male
and above was female

= T723.3mm &T34.7 mm

= Practically > 5mm female anytime

s loked at the Interface RV wrt posterior walbiadder contour

= 92.6%of convex or straight interfaces were in male fetuses
* Glanc P et al. J Ultrasound Med 2007
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Lal. Felal anogental distance using ulrasound.” Prenatal
diagnosis 39.7 (2019): 527-535,

= AGD s a sexually dimorphic measure, androgen is driver of AGD
ANO-GENITAL length, reliable after 21 weeks but can be done earlier
DISTANCE (AGD) = 11-13 wks: 24.8mm males; <4.8mm females

= Measure from center anus to posterior convergence fourchette
(female) o to base scrotum ( male)

Sipal, Mehmet. Vehbi Yavuz Tokgoz. Tosun. “An appropr T
Fetl & Neonatal Medicine 32.12 (2019): 2012-2016. Aycin, Exra, et al."Fetal anogenita tistance using uirasound.” Prenatal diagnosis 39.7 (2019): 527-535.

OBJECTIVES: Prenatal Sex Determination
= Review Disclosure Guidelines, Indications
= Ultrasound fetal sex determination

= External Genitalia
= Internal Reproductive Organs

= Disorders of Sex Development (DSD)
= Case Examples
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DISORDERS OF SEX DEVELOPMENT (DSD)
= Atypical chromosomal, gonadal and/or anatomic sex development

= Present discordant genetic sex and ultrasound phenotype external
genitalia

= Commonest presentation at onset puberty

= 1-2% incidence

= Require multidisciplinary approach

Chityat, D.,and P. Glanc. "Diagnostic approach in prenatally detected genital abnormalies.” Ulrasound n Obstetrcs & Gynecology 36.6 (2010): 637.646

Sex

Chromosome
mos 46,XY, DSD

45,X Complete gonadal dysgenesis Disorder Gonadal Development
47, XXY Partial gonadal dysgenesis * Ovotesticular DSD

45, X/46, XY Gonadal regression
46,XX/46,XY  Ovotesticular DSD Gonadal dysgenesis

« Androgen biosynthesis defect (17-hydroxysteroid  « Fetal (21-or 11-hydroxylase deficiency)
dehydrogenase, 5-reductase)

* Testicular DSD (SRY+,DupSOX9)

« Defect in androgen action (AIS)

Feto-placental (aromatase deficiency)

* LH receptor defects

Maternal

« Disorders of AMH and AMH receptor (persistent
Mullerian duct syndrome)

Others (severe hypospadias, cloacal exstrophy, OEIS,....)
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Disorder of Sex Development

X
single gene
disorders RVI RVI RVI
Testicles. Uterus Testicles

Non- Isolated

[Chromosome

Disorder Disorder
testicular Androgen A"‘""I'" Sxcess Mullerian Duct
Teratogens development synthesis, action FF:M | - CAHI A r—
Persistent Congenital fop-gconia: Anomalies
Syndr Mullerian duct ypogonadotropi CEIEED &F
yndromes syndromes hypogonadism
IV | | Maternal eg virilizing
s tumors, androgen meds
Isolated
hiteyen, 0. & P Glne. "Dlagnosc proachin prenctallydetected gental hypospadias

bnormoltiss” UOG
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1 Describe Direct visualization descended testes or
uterus.

Determine RVI or rectovesical interspace diameter '
extemal
genltalla

2 7lsolated Isolated commonest Non-isolated include Trisomy 13,18, triploidy,

deletions( 4,11,13), syndromes, associations,

IUGR, teratogens

* > 70 syndromes/associations :Smith Lemli Opitz,

Velocardiofacial S, Prader-Will S, VACTERL, CHARGE, Fraser

3 Pregnancy i i
history Androgens, endocrine disruptors (phenytoln, UPI (High AFP & bHCG, low PAPP-A ); Low Estriol (Smith-
aminogiutethimide), teratogens (pesticides, Lemli Optiz, CAH, placental aromatase deficiency, T18 ),
retinoin), alcohol, progestin, danazol, matemnal androgen producing tumors, CAH
, spironalactone)
4 Family Consanguinity & AR CAH,  Infertility or Unexplained SIDS ?Salt  Other recurrent miscarriages,
history androgen biosynthesis, amenortheamay  loosing CAH stillbirths, inherited
Fraser S indicate AIS conditions....
5 Lab Mutatlon analysls Check amniotic fluid for additional hormones
21 5a Y,
SRY mutation androstenedione, 11-dexoycortisol and 7-

dehydrocholesterol

Non-isolated consider teratogens, chromosomey/gene
disorders, associations, syndromes

6  Differential Isolated
Ammiocentesis chromosome, amniotic fluid
hormone:
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CASE #1

AMBIGUOUS GENITALIA

Findings US: “tulipsign” of

Incomplete Masculinization
marked hypospadias P

External Genitalia

= Abnormal production or
conversion testosterone

CASE #1

* Abnormal response to normal
levels of testosterone
= AIS (androgen
insensitivity syndrome)
46, XY, DSD = May present with
inguinal swelling neonate
or amenorrhea puberty
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1% degree open below tip,
glandular (50%)

21 degree urethral
opens along penile shaft
(30%)

3rd degree (20%)
urethral opens
penoscroal junction,
scrotal or below penis
(perineal)

INCOMPLETE MASCULINIZATION
EXTERNAL GENITALIA
HYPOSPADIAS
Range 1/250- 2-4/10,000

Look abnormally positioned
ventral jet of urine

Increased prevalence background
maternal meds such as steroids,
progestin, valproic acid

Increased prevalence early onset
severe IUGR

HYPOSPADIAS

“Tulip” sign present in moreD

severe cases hypospadias where
we note the blunted bulbous tip
of the penis and paralle!
echogenic lines of the lateral
folds of the foreskin/scrotal folds

Penile shaft foreshortened or
buried between scrotal folds,
may curved ( chordee)

May associated meatal stenosis
with urethral dilation and high
micturition velocities
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CASE # 2

VEI

AMBIGUOUS GENITALIA

HYPOSPADIAS

fetalmedicine.org/var/uploads/
VideoArticle/495/genital_t
ambiguous_genitalia

Micturition occurring along
shaft penis

Micturition tip penis
Normal

CASE # 4

mbiguous Genitalia

46, XX, DSD

VIRILIZATION EXTERNAL
GENITALIA

= Commonest etiology is CAH
* Look at adrenals
= Clitoromegaly without

enlargement labial folds

= Look maternal virilization,
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CASE #4: 46,XX, DSD Congenital Adrenal Hyperplasia

“Kidney

Normal

Term length < 20mm,
limb diameter < 4mm
Smooth

Commonest etiology 46,XX,DSD
phenotype discordance with female
virilization

1/14,000 (virilization XX)
b risk recurrence)

% enzyme deficiency 21-
ise deficiency (USA
neonatal screen)

combined with salt loosing
form associated risk early neonatal

If concern may initiate treatment
low dose steroid to minimize
female virilization by 4 weeks

Iyperpiasia sing

CASE #5

29 yo, transferred 30.5 wk GA

Maternal hypertension,
elevated LFTs

Fetal oligohydramnios, absent
EDF in UA, FGR 5™ percentile

33
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XY DSP

35

XY DSD

Severe hypospadias
Placental dysfunction
with [UGR

“Yinon, ) Kingdom et 1 2009 AMG; ** Hashimlo et ol
v

jossaias 9 colibrae pernal prope Anerca ounal o sps

RELATIONSHIP IUGR & HYPOSPADIAS

= Hypospadias in 0.3-0.4% general population

= Most isolated, believed multifactorial

= Incomplete fusion of urethral folds between 7" and 14" GA
Most severe form of placenta mediated IUGR occurs early in T1 (wks
7-8) when male genitalia forming

1/3 hypospadias associated with uteroplacental insufficiency

* 19% incidence hypospadias/ambiguous genitalia in FGR

** 60% incidence severe hypospadias in FGR, 92% also associated bidfid scrotum/micropenis/crytporchid etc.

testicles without

***FGR may also be associated with penile

= ***Suggest placental hCG is critical for penile, urethral, testicular development

alegentl arormalies in raseine o reticion. Prena dagnois S25 (012) 427-43L. G, An . . et v x4 g
Vo 1577 (a0t 13501

e eemec, Stefan
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CASE # 6

Ambiguous Genitalia at
midtrimester study

46, XY, DSD EPISPADIAS-EXSTROPHY COMPLEX

Ambiguous genitalia mass below umbilicus

= No phallus identified US or MRI

= No bladder ( everted represented by mass below umbilicus)

mages courtesy E UG 35620101637 646,
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EXSTROPHY-EPISPADIAS COMPLEX (EEC)
= Epispadias (dorsal) rarely isolated

Y

= Bladder exstrophy always has epispadias (rarely isolated) i
= Non-visualized bladder & infraumbilical abdominal wall mass,
abnormal genitalia "‘
- ' "
- Hypospadias

= Cloacal exstrophy = + anal atresia plus 50% spinal/vertebral

= QEIS ( omphalocele- exstrophy-imperforate anus-spinal defects) most

severe form EEC

(ventral)

ttp://fetalmedicine.org/var/uploads/ Video
Article/279/abd_wal_cloacal_ext.mpd

CASE # 7

21 weeks normal anatomy

27 weeks 2cm omphalocele

33 weeks referred to
distinguish omphalocele vs
gastroschisis
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ow abdominal wall defe small penis

Testicles descended (XY,DSD) ( below umbilicus), no

DIAGNOSIS: Bladder Exstrophy (based on absent bladder and infraumbilical
abdominal wall defect)

CASE # 7

34-year-old G2P1

Large abdominal wall defect

41
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OEIS (omphalocele, extrophy bladder-imperforate anus-spinal anomalies

= Findings include omphalocele (contained Sl, part liver, right testes) with defect below umbilicus
= Absent large bowel with persistent cloacal structure replacing bladder & rectum with ureters draining into it
= Lumbar myelomeningocele, clubfeet, single UA

= Failure fusion pubic rami & genital tubercles

CASE # 8

Routine midtrimester study

22 weeks

Vermis agenesis

43
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= Consider: diagnosis, karyotype, appearance external genitalia, type of
gonads present, ? surgical interventions, sex of rearing, hormonal
therapy, potential for fertility, parental wishes & cultural beliefs and Gender|
Identity of the Individual.

SEX ASSIGNMENT [ i b

46,XXDSD genotype and CAH (majority raised female, fertility potential)

Evolving = 46,XYDSD genotype with complete gonadal dysgenesis or 46,XY genotype
and complete androgen insensitivity syndrome (AIS); thus external genitalia
appear female phenotype

CASE # 8 46 XY DSD

Multiple anomalies including

micropenis

Defect hypothalamic-pituitary-
gonadal axis

Associated cryptorchid, small

N Micropenis in neonate =
testicles, ICSI

SPL (stretched penile
Treatment testosterone length < 1.9 cm)

46,XY DSD with micropenis gen raised males, no surgical intervention;
potential for fertility, gender satisfaction ~ same if raised as females

46XY DSD 5a-red defi under

Multidisciplinary
approach

= Mendonca et al reported 50% with a 5a-reductase deficiency raised

46,XY DSD with isolated female later self-identified as males

micropenis are raised as males, e
no surgical intervention, potential

Gonadal dysgenesis may have uterus which can impregnate with donor

for fertility oocytes
- gender satisfaction equal to
patients with the same disorder
who are raised as females
————————— ————————

CONCLUSION: PRENATAL SEX DETERMINATION
COMPLEX EVOLVING AREA

= Prenatal sex determination routine, disclosure variable
= External genitalia for sex determination highly reliable > 14 weeks
= Setting of discordant chromosome and phenotype external genitalia options:

= Direct visualization uterus/testes and/or measure RVI

= Check adrenals and placenta function indices, determine if isolated, review relevant
maternal/FH , drug history, labs, mutation analysis

THANK YOU

= DSD challenge for family and healthcare team, final decision may wait till
puberty

Chiayet, 0. anaP. Glane.
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